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© Transmission belt, cross element for a transmission belt and method and device for the production 
thereof* 



© Cross element for an assembled transmission 
belt, and cross element bearing with its main sides 
against the main sides of abutting cross elements in 
mounted condition, whereby the surface of at least 
one main side shows at least three calibrated (9, 9', 
4*), separated surfaces lying in one and the same 
plane, which are elevated relatively to the immediate 
surroundings of the surfaces, said plane being per- 
pendicular to the linear direction of movement of the 
transmission belt during operation. 



18' 11 9 



7 9,' 11 18' 




< 
if) 

tr> 
oo 

CM 



Q. 

Ul 



Xerox Copy Centre 

BNSDOCID: <EP 0278545A1 J_> 



0 278 545 



Transmission belt, cross element for a transmission belt and method and device for the production 

thereol 



The invention relates to an improved cross 
element for a transmission belt for a continuously 
variable speed regulator, in particular to be used in 
a transmission system, and to an improved method 
for the production thereof. A cross element of the 
kind referred to is e.g. known from EP 0 014 492 
and EPA 0 143 293. A transmission belt as referred 
to here as a substantially trapezoidal section for 
use on V-shaped pulleys and consists of an end- 
less carrier in the shape of at least one metal band 
and of a number of cross elements butting against 
each other with the parallel parts of their main 
sides and provided displaceably on the carrier. 
With the transmission belts known up to now and 
the cross elements used therein satisfactory results 
were attained. A drawback of the existing transmis- 
sion belts is that on passing over the pulleys the 
stability is not satisfactory at some speeds, which 
manifests itself in vibrations in directions perpen- 
dicular to the direction of movement in the linear 
part between the pulleys (see fig 26). 

When the invention was being conceived it 
appeared that part of the problems could be traced 
back to an insufficient pian-parallefism of the cross 
elements in mounted condition. Besides that there 
is the problem that the production rate of cross 
elements made with great precision is experienced 
as being insufficient 

Up to now cross elements have been made by 
blanking them out of pre-profiled strip material. 
This is a relatively slow process. The inventors felt 
the need to replace this process by the so-called 
"Progressive Die" technique, which method can 
lead to high production rates. It became apparent 
to them, however, that the use of this technique is 
not suitable for the cross elements known so far, 
because the dimensional accuracy of the elements 
obtained is insufficient or can only be achieved 
with too great an effort- 
It has been found now that in principle both 
drawbacks can be removed by taking one mea- 
sure. On the one hand this measure leads to a 
transmission belt with an improved stability, on the 
other hand it makes the use of the progressive die 
technique for the manufacture of cross elements 
possible, making it possible again to bring about 
improvements in the production system of cross 
elements. 

Said measure implies that the progressive die 
provides three calibrated surfaces, lying in one and 
the same plane, on at least one main side of a 
cross element already partly blanked in a metal 
strip, said surfaces being elevated relatively to their 
immediate surroundings (said plane being perpen- 
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dicular to the linear direction of movement of the 
transmission belt during operation). When the in- 
vention was being conceived it became apparent 
that this island formation on a cross element can 
5 be carried out relatively easily with a progressive 
die, as well as the calibration into parallel surfaces. 
Furthermore it became apparent that cross ele- 
ments, which are provided with elevated islands 
lying in one and the same plane on the surface of 
70 at least one main side, produce transmission belts 
which are more stable during operation than trans- 
mission belts having cross elements that do not 
have said islands. 

According to the idea governing the invention a 
75 further embodiment of a cross element is char- 
acterized in that the surface of at least one main 
side shows two calibrated, separated surfaces lying 
in one and the same plane and being elevated 
relatively to their immediate surroundings, said sur- 
20 faces lying on both sides of the axis of symmetry 
of the element, said mutual plane of the calibrated 
surfaces being perpendicular to the linear direction 
of movement of the transmission belt during opera- 
tion. It has appeared that in practice good results 
25 can be achieved with such an element having t*o 
separated calibrated surfaces on both sides of the 
axis of symmetry, in the sense that the main cause 
of the occurrence of vibration of the belt in one 
direction parallel to the axis of the pulleys is largely 
30 eliminated. 

According to the idea governing the invention 
another variant of the cross element is character- 
ized in that a recessed edge is provided at at least 
one of the main sides along at least part of the 
35 circumference of the element If said edge is pro- 
. vided along the entire circumference it will facilitate 
the stamping and calibration of the surface sur- 
rounded by said edge, because superfluous ma- 
terial, which is forced out by the stamping, and any 
40 burrs can be received in said recessed edge and 
thus cannot have a disadvantageous influence on 
the functioning of the element during operation. 

A preferential embodiment of the cross ele- 
ment according to the invention is characterized in 
45 that at least two of the separated surfaces are 
present on the upper side, i.e. that part of the 
element which does not come into contact with the 
pulleys during operation and which is located on 
the one side of the recess(es) for receiving the 
so band pack (the band packs) of the cross element, 
on both sides of the axis of symmetry thereof and 
that the surface(s) on the bottom of the cross 
element, i.e. that part of the cross element which 
comes into contact with the pulleys during opera- 
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tion and is located on the other side of the recess- 
es) for receiving the band pack(s), has a smoothly 
blending tilting zone at the spot of the tilting line. 

Furthermore it became apparent that when the 
progressive die technique is introduced the follow- 
ing improvements with regard to the further finish- 
ing of the cross elements could furthermore be 
brought about because according to the invention 
a flat metal strip instead of a profiled strip is 
subjected to a number of successive cutting and 
stamping operations in a progressive die with a 
number of operating stations, in each of which an 
operation or a combination thereof is carried out, 
after which the elements are finally cut loose from 
the strip; because according to the invention a) the 
elevated surfaces are provided in one and the 
same station simultaneously with the formation of a 
conical bottom side of the cross element b) in the 
next station the surfaces of the islands are cali- 
brated, such that the surfaces will lie in one plane 
and a smoothly blended tilting zone is provided at 
the spot of the tilting line and as a result of which 
c) it becomes possible to provide the definitive 
configuration during finishing operations: 
because according to the invention the cross ele- 
ment is subjected, after calibration and the provi- 
sion of the tilting zone, to a planing operation in a 
number of follow-on stations at least at the spot 
where one side blends into an elevated surface, in 
order to remove material from the cross element 
and from at least part of the burr, after which the 
remainder of the burr is possibly removed in a 
following station, which was not possible in prior 
processes; 

because according to the invention the remainder 
of the burr along the boundaries of the saddles is 
forced out into the space in front of the elevated 
surfaces by bevelled dies operating in opposition. 
As a result it is achieved that the element can be 
completely produced and finished in one and the 
same device, contrary to the known methods, 
whereby the element had to be set up in several 
processing devices, which had an adverse effect 
on the rate of output and the manufacturing costs. 

By using the method according to the invention 
it is also possible to start from simple, flat strip 
material ' instead of profiled strip material, as a 
result of which a further simplification is attained. 

Also it is possible according to the invention to 
simply achieve the desired dimensional accuracy 
for those surfaces where an accurate dimensioning 
is required, especially those surfaces that come 
into contact with the pulley and with the back pack. 
According to the invention this accuracy is 
achieved by planing operations with a successively 
increasing accuracy. By the use of bevelled dies, 
operating in opposition, it is achieved that the re- 
mainder of burrs along the boundaries of the sad- 



dles (that part of the element which lies between 
the pulleys against the band pack) and the ear (that 
part of the element which butts against the band 
pack, when the element is drawn from the pulley) 

5 and the connecting piece between saddle and ear 
(body) is forced out, and it is achieved that the 
surfaces of the element, which come into contact 
with a band pack during operation become some- 
what convex, which has the same effect as the 

70 solution offered according to the Dutch patent ap- 
plication 8303870, open to public inspection, which 
comprise a separate grinding operation. 

A further variant of the cross element accord- 
ing to the invention has, at at least one main side, 

75 two calibrated surfaces, separated from each other, 
lying in one and the same plane and being ele- 
vated relatively to their immediate surroundings, 
said surfaces being located on both sides of the 
space(s) for receiving the carrier. This embodiment 

20 will be effective for preventing vibrations in the 
direction Y -Y' (fig 26), particularly with cross ele- 
ments, especially in those case where the height of 
the element is of the same magnitude as the width, 
or greater. 

25 In explanation of the invention a description of 

the invention will be given hereinafter, with refer- 
ence to the drawing of embodiments of the cross 
element according to the invention and an embodi- 
ment of the method and device according to the 

30 invention. 

In the drawing: 
figures 1 - 7 and figures 9 - 11 are front 
views of three types of cross element, embodying 
various variants of the invention; 

35 figure 8 is a side view of the cross element 

according to fig 7; 

figures 12-21 are diagrammatic views in 
illustration of the method and device according to 
the invention; 

40 figure 22 is a section of the tilting line of the 

cross element according to figure 11; 

figures 23 and 24 are views of the bevelling 
of the saddle face and the contacting surface of the 
ear for the band pack respectively, whereby at the 

45 same time any present burrs are forced out; 

figure 25 is a front view of a cross element 
according to the invention with two elevated cali- 
brated surfaces; and figure 26 is a diagrammatic 
view of a transmission belt with pulleys. 

so Corresponding parts are illustrated with the 
same reference numbers in the various embodi- 
ments. 

The cross element illustrated in the figures 1, 
4, 7, 9, 10, 11 and 25 is of a type whereby the 
55 transmission belt is provided with a carrier consist- 
ing of two endless bands which are slid from both 
sides into the recesses 1 of the cross elements. 
The cross element has two main sides 2 and 3 
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which come into contact with the main sides of 
preceding and following cross elements lying in 
front and behind. The main side 3 is provided with 
a bevel 4 (4'). The transition from the parallel part 
of side 3 to the bevel is a roll-off zone or tilting line 
5, which makes it possible for the transmission belt 
to follow an approximately semicircular path be- 
tween two pulley halves. The surfaces 4 then come 
into contact with the sides 2 of preceding and 
following elements. 

The cross element is provided with coupling 
means in the shape of a projection 6 on side 2 and 
a recess 7 in side 3. The surfaces of which a more 
accurate dimensioning is required are those which 
come into contact with the endless carrier (11, 12, 
12*), and those which co-operate with the V-shaped 
pulleys (13), and those which serve as reference 
surfaces for further operations (10). Said surfaces 
are blanked with a certain oversize in the various 
operating stations of the progressive die. This su- 
perfluous material is then planned off in successive 
operations in two or three operating stations of the 
die in order to attain the desired dimensional accu- 
racy. In the final operating station approximately 
0.05 mm is further removed, whilst an original 
oversize of approximately 0.40 mm was present. 
Removal thereof generally requires three operating 
stations in which 0.25 mm, 0.10 mm and 0.05 mm 
are successively removed. 

For the embodiment according to the figures 2 
and 3, 5 and 6 respectively corresponding consid- 
erations apply, however, these embodiments are 
constructed in order to cooperate with a single 
endless band. 

Figure 1 illustrates a variant of the cross ele- 
ment according to the invention, which is provided 
with three separated calibrated surfaces, two of 
which being present on the upper part of the cross 
element (9, 9'), located above the recesses 1 for 
receiving the endless carrier, and one being 
present on the lower part of the element, located 
under the recess 1 for receiving the endless car- 
rier. Along the faces 12 (saddle faces) and along 
the calibrated surface (4, 4", 5) a recessed part 18 
is provided, in which superfluous material running 
off during calibration of the surface 4* can be 
received. At the same time a burr, if present, can 
be forced out here, which can no longer influence 
the functioning of the element then, because said 
burr can no longer come into contact with the main 
side of an adjacent element. A corresponding re- 
cessed edge 18' is present along the face 1 1 at the 
upper parts of the element, also called ear. For 
said edge the same considerations apply as for the 
recessed part along the saddle face 12. 

The variants illustrated in the figures 2 and 3 
are cross elements, suited for co-operation with a 
single endless band pack. Said band pack is re- 
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ceived in the recesses 1, the calibrated surface (4, 
4*) again has a roll-off zone or tilting line 5. The 
surface 4 lies at such an angle that the element 
has sufficient room for tilting about the tilting line 5 
5 when.it comes into contact with the pulleys during 
operation. The face 4' lies at a corresponding an- 
gle. The elevated, calibrated surfaces 9 and 9' are 
provided such that they do not envelope the reces- 
ses 7 in figure 2. It is also possible, however, to 
7a have the recesses 7 enveloped by the two elevated 
calibrated surfaces 9 and 9', as is illustrated in fig. 
3. The embodiments illustrated in the figures 1 , 2 
and 3 each show three separated calibrated sur- 
faces, whereby the lowermost calibrated surface (4, 
75 4*) does not necessarily extend over the entire 
width of the element it may be desirable to dimen- 
sion the surface 4, 4* such that it only extends over 
part of the width of the element ats a result of 
which a better operation can be achieved with a 
20 view to preventing vibrations. 

The figures 4, 5 and 6 illustrate cross elements 
according to the invention having separated, ele- 
vated, calibrates surfaces, which are located on 
both sides of the axis of symmetry of the cross 
25 element (figure 4, figure 5), whereby in figure 6 
there are three elevated calibrated surfaces 
present one of which being located on one side of 
the axis of symmetry and the other on the other 
sides. The embodiments according to the figures 4, 
30 5 and 6 are particularly effective for preventing 
vibrations of the transmission belt during operation 
in a directional parallel to the axes of the pulleys. 
Especially the embodiments according to the fig- 
ures 4, 5 and 6 will be effective in those cases 
35 where the width dimension is greater than the 
height dimension, because in that case vibrations 
in a direction parallel to the axes of the pulley will 
prevail. Along the saddle face 12 arid the bottom 
side of the ear, along the face 1 1 , there is again a 
40 recessed edge (18, 18"), as well as along the inter- 
mediate connecting part between saddle face and 
ear, which edge has the functions described above. 

Figure 7 illustrates a variant of the cross ele- 
ment according to the invention, suited for a carrier 
45 with two band packs which are each received in 
the recess 1, said cross element being provided 
with 4 calibrated, separated surfaces (9, 9', 4*. 4~), 
lying in one and the same plane. Along the faces 
which come into contact with the carrier (11, 12), 
so and along the connecting part between ear and 
saddle, there is also provided a recessed edge 
(18). The faces 4 and 4' are again at the desired 
angle relative to the main sides of the carrier. The 
cross element according to fig 7 has alle the ad- 
55 vantages described hereinabove. In fig 7 reference 
number 18 indicates the recessed edge along the 
saddle face 12 and the bearing face for the band 
along the ear. In the remaining figures reference 
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number 18 also generally indicates the recessed 
part or the edge along the saddle face 12. In 
certain embodiments said recessed part or the 
edge 18 may extend over the edge along the 
bearing face 1 1 at the ear and over the connecting 5 
part between the two bearing faces. The reference 
number 18' generally indicates the recessed part 
along the bearing face 1 1 at the ear. 

Figure 9 illustrates an embodiment of a cross 
element according to the invention which is pro- 10 
vided with three calibrated surfaces one of which 
being present on the upper part of the cross ele- 
ment (9) and two being present on the lower part of 
the cross element (4*. 4"). A correct choice of the 
dimensions of said calibrated surfaces will also is 
effectively prevent vibrations of the belt during op- 
eration, if desired a recess may again be provided 
around the projection 7 in order to aid the dis- 
connection of the recess 7 and the projection 6 
from each other on entry of the element between 20 
the two pulley halves during operation of the belt 

With regard to the side view of the cross 
element according to fig 7, illustrated in fig 8 it 
may furthermore be noted that the face 4' does not 
necessarily have to be at an angle, provided said 25 
face 4' is recessed sufficiently in order to prevent it 
from coming into contact with the main face 2 of 
the adjacent element during the tilting movement 
between the pulleys. 

Fig 25 illustrates a cross element according to 30 
the invention, whereby two calibrated elevated sur- 
faces 9 and 4, 4' are present If desired the cali- 
brated surface 9 may be provided such thai the 
projection 7 is not enveloped by it, as is indicated 
with a dotted line in the upper part of the element 35 
This embodiment effectively prevents vibrations in 
a direction y - y* in the plane perpendicular to the 
linear direction of movement of the carrier (fig 26). 

Fig 1 0 illustrates a further variant of the cross 
element according to the invention, which is pro- 40 
vided, as it were, with a single calibrated surface 9, 
4'. By providing the recessed edge 1 8 along saddle 
face and ear and the intermediate connecting part 
(body) a room is created for receiving burrs, which 
would have been difficult to remove, in particular 45 
along those parts of saddle face, ear and inter- 
mediate part along which the recessed edge 18 is 
provided. Besides the recessed edge 18 creates 
room for receiving superfluous material which must 
be able to flow off during calibration of the face 9. so 
In the variant of the cross element according to the 
invention, illustrated in fig 11, the recessed edge 
18 is provided along the entire circumference of 
the element and the element has one single cali- 
brated surface 9, 4' again, as it were. Especially 55 
when the height and the width of the cross ele- 
ments according to the figures 10 and 11 are not 
too great good results may be attained. Figure 22 
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again diagrammatically illustrates the function of 
the recessed edge 18 for receiving burrs 19. Ex- 
cess material, which flows off sideways from the 
surface surrounded by the edge 18 during stamp- 
ing, finds sufficient room in the recessed edge 18. 

Figures 12-21 diagrammatically illustrate the 
method and the device according to the invention. 

In figure 12 strip-shaped material is supplied to 
a blanking device having dies 20 and 21. Contour 
lines of the element which have not been blanked 
yet are indicated by dotted lines, whilst blanket 
contour lines are drawn as full lines. Reference 
number 8 indicates the partly blanked out element 
In figure 12 the element 8 is partly blanked out by 
means of the dies 20 and 21. Centring holes 16 
provided a correct centring of the material. Figure 
13 illustrates the further blanking out of the element 
by means of the dies 22 and 23. When the material 
has been processed in the station illustrated in 
figure 13 two elements 8 have been produced, 
connected together with the ear parts and being 
connected to rings in which the centring hole 16 is 
present 

According to the method the bevel 4' is pro- 
duced by exerting die pressure in an operating 
station with a progressive die 25, 26, as is dia- 
grammatically illustrated in top view. In said station 
the parts 4' are bevelled at an angle op approxi- 
mately 5° from the tilting line 5, which is indicated 
by a dotted line in the figures. At the same time it 
can be seen from this figure how each element is 
provided with a par of elevations 9, 9' and a pair of 
elevations (4', 4~) at the main parts to be bevelled. 
These four (9, 9' and 4', 4~) elevations come into 
contact with the smooth main side of the adjacent 
element which prevents the elements from tilting 
relatively to one another in any different manner 
than about the tilting line 5, which is not yet pro- 
vided in figure 14 for that matter. The elements will 
finally look as indicated in the figures 7 and 8. The 
elevations 9, 9', AT and 4~ extend to a point near 
the faces 11 and 12 bounding the rooms 1 in which 
the endless bands are provided. Near said faces 1 1 
and 12 the thickness therefore decreases relatively 
to the original thickness. When the edges of said 
cut surfaces are deformed with a bevelled die in 
order to obtain a certain "convexity" of the faces 
11 and 12, as the figures 23 and 24 diagrammati- 
cally illustrate, the forces out material can collect in 
the U-shaped edge 18. Said U-shaped edge may 
otherwise also serve to render a burr 1 9 innocuous, 
which consequently does not need to be removed, 
as diagrammatically illustrated in figures 22 and 23. 

Then, according to figure 15. the faces 9 and 9' 
are stamped and calibrated with the die 27 in the 
progressive die, such that said faces extend plan 
parallel to the other main sides of the element The 
faces 4* and 4" are calibrated in corresponding 
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manners, whilst at the same time the tilting line 5 is 
provided, so that the faces 4 extend at the desired 
angle. 

Figures 16, 17 and 18 diagrammatically illus- 
trate the stations for the accurate finishing of the 
faces 10, 11, 12 and 13. The party blanked out 
element is indicated by 8 and 16 furthermore in- 
dicates centring holes. Four punches 17 (14, 15), 
having a substantially U-shaped section, provide 
the finishing operations required, whereby at the 
same time any burrs which were produced in pre- 
ceding blanking stations are removed and 0.25 
mm, 0.10 mm and 0.05 mm are successively re- 
moved from the faces 10, 11, 12 and 13 and from 
the face and the body. 

The progressive die 28 according to fig 19 and 
the progressive die according to fig 20 provide the 
bevels, which are illustrated in the figures 23 and 
24 on the faces 11 and 12 respectively, whereby 
the sequence of the provision of the bevels is not 
relevant. Reference numbers 30 and 31 indicate 
clamping devices which hold the element during 
the bevelling operation. In the progressive die ac- 
cording to fig 20 the recess 7 or the projection 6, 
also called hole and dimple respectively, may fi- 
nally be provided. In fig 21 finally a complete 
release of the element 8 is achieved by means of 
the die 32. Owing to the measures described a 
cross element is obtained which can be completely 
finished in the progressive die described. In par- 
ticular it is no longer necessary to grind the bear- 
ing surfaces of the carrier, and also tumbling for 
removing burrs no langer needs to take place. Not 
only does this have an advantageous effect on the 
productivity, but also the stability of the transmis- 
sion belt becomes greater, especially in the linear 
parts of its path. Vertical vibrations are effectively 
prevented by using the invention. 



Claims 

1. Cross element for an assembled transmis- 
sion belt, said cross element bearing with its main 
sides against the main sides of abutting cross 
elements in mounted condition, characterized in 
that the surface of at least one main side shows at 
least three calibrated, separated surfaces lying in 
one and the same plane, which are elevated rela- 
tively to the immediate surroundings of the sur- 
faces, said plane being perpendicular to the linear 
direction of movement of the transmission belt dur- 
ing operation. 

2. Cross element for assembled transmission 
belt, said cross element bearing with its main sides 
against the main sides of abutting cross elements 
in mounted condition, characterized in that the sur- 
face of at least one main side shows two cali- 



brated, separated surfaces being elevated relatively 
to their immediate surroundings and lying in one 
and the same plane, said surfaces lying on both 
sides of the axis of symmetry of the element, said 

5 mutual plane for the calibrated surfaces being per- 
pendicular to the linear direction of movement of 
the transmission belt during operation. 

3. Cross element for an assembled transmis- 
sion belt, said cross element bearing with its main 

io sides against the main sides of abutting cross 
elements in mounted condition, characterized in 
that a recessed edge is provided at at least one of 
the main sides, along at least part of the circum- 
ference of the element 

is 4. Cross element for an assembled transmis- 

sion belt, said cross element bearing with its main 
sides against the main sides of abutting cross 
elements in mounted condition, characterized in 
that the surface of at least one main side shows 

20 two separated, calibrated surfaces lying in one and 
the same plane and being elevated relatively to 
their immediate surroundings said surfaces lying 
on both sides of the space(s) for receiving the 
carrier and being perpendicular to the linear direc- 

25 tion of movement of the tranmsission belt during 
operation. 

5. Cross element according to claim 1, char- 
acterized in that at least two of the separated 
surfaces are present on the upper sides, (as de- 

30 fined in the description) of the cross element on 
both sides of the axis of symmetry thereof and that 
the surface(s) on the bottom side (as defined in the 
description) of the cross element has a smoothly 
blending tilting zone at the spot of the tilting line. 

35 6. Method for the production of the cross ele- 

ments according to any one of the preceding 
claims, characterized in that a flat metal strip is 
subjected to a number of successive cutting and 
stamping operations in a progressive die having a 

40 number of operating stations, in each of which an 
operation or a combination thereof is carried out 
after which finally the elements are cut loose from 
the strip. 

7. Method according to claim 6, characterized 
45 in that a) the elevated surfaces are provided in one 

and the same station simultaneously with the for- 
mation of a conical bottom side of the cross ele- 
ment b) in the next station the surfaces are cali- 
brated such that surfaces lie in one and the same 
so plane and a smoothly blending tilting zone is pro- 
vided at the spot of the tilting line and c) the 
finishing operations take place in subsequent sta- 
tions. 

8. Method according to claim 7, characterized 
55 in that after the calibration and the provision of the 

tilting zone the cross element is subjected, in a 
number of consecutive stations, to a planning op- 
eration at least at the spot of the transition from a 
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side to an elevated surface in order to remove 
material from the cross element and at least part of 
the burr, after which the remainder of the burr is 
removed in a subsequent station. 

9. Method according to claim 8, characterized s 
in that the remainder of the burr along the bound- 
aries of the saddles is forced out inhto the room in 
front of the elevated surfaces by bevelled dies, 
operating in opposition. 

10. Device obviously intending for carrying out w 
the methods according to the claims 6-9. 

11. Transmission belt for use in a driving 
mechanism having a stepiessiy adjustable speed, 
characterized in that it is provided with cross ele- 
ments according to clams 1 -5. 75 
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